Ephedra, known as Ma-huang, is one of the oldest medicinal plants used in traditional Chinese medicine.
: (Ϫ)-ephedrine and (ϩ)-pseudoephedrine, (Ϫ)-methylephedrine and (ϩ)-methylpseudoephedrine, (Ϫ)-norephedrine and (ϩ)-norpseudoephedrine (
. The concentration of these benzylamine alkaloids varies from 0.02 to 3.40% in the aerial parts of the plant. 4 ) Ephedra plant materials used in oriental medicine show quite variable quality because a number of species comprise the source of the Ephedra on the market. Moreover the diverse geographical origins of the plants make the total content of main active alkaloids quite different from plant to plant. For this reason, it is necessary to determine the contents of Ephedra alkaloids in plant material. The methods for analysis of Ephedra alkaloids include thin layer chromatography, 5) gas chromatography, 6) isoachophoresis, 7) high performance liquid chromatography (HPLC) 8) capillary electrophoresis (CE). 9) Separation of these alkaloids is not possible with TLC and GC without derivatization. There is a report using CE in which the above mentioned alkaloids can be separated, 4) but up to now HPLC has been used most often for the ephedrine alkaloids analysis. HPLC, however, is not always satisfactory. In many cases sodium dodecyl sulfate (SDS) was used as a constituent of the mobile phase to increase the theoretical plate number and resolution, but separation of ephedrine and pseudoephedrine seems to be dependent on the brand and concentration of SDS. 10, 11) The lack of specific and strong chromophore for detection is another problem when a conventional HPLC-UV detector is used. Moreover, HPLC and GC analysis required an elaborate clean up procedure and derivatization procedures in order to enhance sensitivity and to remove compounds that interfere with the detection of the target compounds. Therefore, an alternative method for the analysis of ephedrine alkaloids from Ephedra herbs would be highly desirable.
In this paper, we described the quantitative analysis of Ephedra alkaloids from Ephedra herbs using 1 H-NMR spectroscopy. It allows rapid and simultaneous determination of four ephedrine analogues ephedrine, pseudoephedrine, methylephedrine and methylpseudoephedrine without any pre-cleaning steps.
Experimental
Plant Material Nine Ephedra plant materials were purchased from a Taiwan market. Ephedra sinica and Ephedra intermedia were obtained from Taiwan Extraction The extraction of alkaloids was performed according to the method of Cui et al. 12) Powdered plant material (200 mg) was weighed and transferred to 10 ml centrifuge tube and mixed with 8 ml of 0.5 M H 2 SO 4 solution. The mixture was shaken and sonicated for 1 h and then centrifuged for 20 min at 3000 rpm. The supernatant layer was transferred to another tube and 1.4 ml of 5 M KOH solution, 2.4 g NaCl and 5 ml of diethyl ether were added to the tube. The mixture was shaken for 15 min and then centrifuged for 20 min at 3000 rpm. Extraction with diethyl ether was performed twice. Diethyl ether layers were combined into 20 ml round flask and evaporated after addition of internal standard. Dried sample was dissolved in 1 ml CDCl 3 and used for 1 H-NMR measurement.
H-NMR Apparatus and Parameters
1 H-NMR spectra were recorded in 1 ml of CDCl 3 using a Bruker AV 400 spectrometer (equipped with an Indy Silicon graphics computer). For each sample, 128 scans were recorded with the following parameters: 0.17 Hz/point, pulse width (PW)ϭ4.0 ms, and relaxation delay (RD)ϭ1.0 s. FIDs were Fourier transformed with LBϭ 0.30 Hz, GBϭ0 Hz, and PCϭ1.0. For quantitative analysis, peak area was used and the start and end point of the integration of each peak were selected manually.
Recovery Test of Ephedra Alkaloids One gram of filter paper disk (589 2 white, Schleicher & Schuell, GmbH, Cassel, Germany) was cut into ca. 1.5 cm diameter and placed in the extraction vessel. Each standard of ephedrine alkaloids (1 mg) was spiked into a filter paper disks. Then the spiked samples were dried in vacuum oven for 2 h.
Results and Discussion
For the quantitative analysis of the four alkaloids, ephedrine (EP), pseudoephedrine (PE), methylephedrine (ME), and methylpseudoephedrine (MP), H-1 was selected as a target signal in the .4 Hz), respectively. In addition to their own chemical shift, the diastereomers can be differentiated by their coupling constants. The compounds which have (S,S) configuration show a larger coupling constant than those of a (R,S) configuration, because the dihedral angle between two protons at C-1 and C-2 is quite different. Therefore, it was found that the H-1 signal is most suitable to use as a target peak compared to the other signals which appeared in two other distinct regions: the C-methyl region (d 0.6-1.0) and N-methyl region (d 2.0-2.4). When we used CD 3 OD as a solvent, the water peak from CD 3 OD interfered with H-1 signals of ephedrine and methylephedrine and in the case of acetone-d 6 , a broad -OH peak interferes to target signals in the region of d 4.7-4.8. For these reasons, CDCl 3 is used.
Next, the calibration curve for each compound using the ratio of the peak area of the compound and the internal standard were determined in the range of 0.25-2.0 mg/ml in order to evaluate the accuracy of this method depending on the different concentrations. Each calibration curve is shown in Fig. 3 . The linearity of ephedrine (EP), pseudoephedrine (PE), methylephedrine (ME) and methylpseudoephedrine (MP) were found to be higher than 0.990 (0.9994, 0.9980, 0.9965, 0.9989, respectively). Actually, these calibration curves for quantitation of the compounds are not really necessary for determination of alkaloids because the integration of the peaks is always proportional to the amount of the compound and the same for all compounds in 1 H-NMR. For testing the recovery from a matrix, 1.0 mg of each compound was extracted from cellulose papers on which the compounds were adsorbed. The extraction method consists of a simple acid extraction, neutralization step, and liquidliquid fractionation. Therefore as much as possible the extraction procedure from plant material was followed. The recovery of each compound with the chosen method was found to be more than 88%, EP: 90 (Ϯ1.6), PE: 88.3 (Ϯ2.1), ME: 92.9 (Ϯ2.1), MP: 91.9 (Ϯ1.9) percent, respectively.
Finally, Ephedra materials including E. sinica and E. intermedia were analyzed for ephedrine (EP), pseudoephedrine (PS), methylephedrine (ME), methylpseudoephedrine (MP) using the 1 H-NMR method. For all samples tested in this study, the H-1 peak of each ephedrine alkaloid are quite well separated from the others and also no interference with other peaks was observed in the range of d 4.0-5.0 in the 1 H-NMR spectrum (Fig. 4) . This was confirmed by 1 H-1 H COSY spectra (Fig. 5) . In this region the correlation between the H-1 signal and H-2 signal (d 2.0-2.5, q) can be detected. Table 1 shows the results of the quantitation of the alkaloids in the various plant materials. The results obtained by the 1 H-NMR method were found to be highly accurate with a standard deviation of about 5-10%. The content of the four alkaloids in the various samples were quite different, varying from 1 to 2% of dry weight. It is known that among Ephedra species only Ephedra intermedia has a lower amount of ephedrine than pseudoephedrine. Most of the samples evaluated in this study showed a lower ephedrine than pseudoephedrine content. The data from the 1 H-NMR are quite similar to the data from HPLC which were available from the Pharmaceutical Company, that provided these materials (Personal communication).
Using the described method, the contents of the ephedrine alkaloids can be analyzed within much shorter time than conventional chromatographic methods. Moreover, four different alkaloids can be detected without any derivatization. This 1 H-NMR method has the additional advantage that at the same time it is rapid, simple and an overall profile of the preparation can be obtained. This can be applied to the analysis of commercial pharmaceutics or products of Ephedra such as cough syrups and dietary supplements. 
